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BACKGROTTND OP THTP i]yvp^n^^^^ 

a) PieM r>f thA TnYf-tinn 

The invention is directed to a method for monitoring a control system 
comprising a pluraUty of control units, preferably for an optical measurement device or 
observation device. 
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ligSCriDtion of the Ralaf.^ Aj^ 

In the case of complex measurement devices or observation devices, it is 
known to cany out the various device settings depending on the measurement or observation 
task at hand by means of actuating or adjusting units which are driven by electric motor. For 
example, commands are entered via a computer keyboard, evaluated in a computer serving as 
control station, and conveyed to the respective adjusting units. Tn high^uaUty microscope 
systems, for example, this relates to the adjustment of revolving lens turrets or ob^ 
turrets, field diaphragms and aperture stops, reflector turrets, variable condensers, cross-slide 
^ stages for X- and Y-displacement v^cal to the microscope beam path, and for displacement 

J ElectronicaUycontroUable adjusting movem^^ 

^ configuratiou are also common. 

4 • ^"'^^ ^^^''^^We to use all possible device configurations without restriction, 

v| 25 it 1^ proven successful to actuate the adjusting units through control circui^^ 

control circuit together with an associated adjusting unit generaUy forms a s^^^^ 
unit. AU control units and the control station form a control system and arc Unked via data 
lines for purposes of transmitting information. 

K ^^^^""ssionofinformation is often carried out between the control 

^ 30 ^on. which functions as main computer or master, and the control units based on 

|v master-slave principle, as it is called, i.e.. commands are sent &om the control station to the 

^1 slaves. The slaves execute these commands and. based on the principle of "poUing", as it is 



-2- 

caJIed, transmit the status achieved in the course of executing the command, e.g., the 
adjusting position that has been reached, in response to inquiries which are directed in timed 
intervals from the control stations to the slaves. In this way, the control station gathers the 
status information of aU slaves and accordingly obtains an illustration of the situation within 
the entire control system or in the device. 

A disadvantage in this previously known procedure consists in the fact that the 
transmission of commands to the slave, the initiation of adjusting processes and the inquiries 
and reports relating to the execution of the command takes a relatively long time. For 
example, when initiating an adjusting process lasting one to two seconds, the control station 
1 0 is occupied during this time with polling the status untU, finally, it is reported that the desired 
adjusting position has been achieved or the adjusting process has been successfully 
concluded. 

Since the lime of the conclusion of an adjusting process must also often be 
detected by the control station, the communication between the control station and slave takes 
place for the entire duration of the adjusting process until the inquiry results in a "ready" state 
and the corresponding time can be recorded. 

For example, when the report concerning the conclusion of the adjusting 
process for an objective turret has been received, the next process, e.g., changing a field 
diaphragm, can be initiated. But the control station is then occupied again until this process 

20 is also terminated, and only then can the next adjusting process be initiated. 

j 'Thegreaterthequantityofconmiunication units associated with a control 

system of this type arid connected with the control station, the greats the burden on the 
concrol station and the information paths. This procedure of continuous inquiry and response 
between the control station and slaves has accordingly proven to be disadvantageous with 

25 respect to the desired effective utilization of existing capacities of the control station and 
communications paths. 
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OBJECT AND SUMTv/TAP v of THP. TWPMTTm^ 

Based on this prior art, it is the primary object of the invention to provide a 
comrol system in which the ciqiacity of tiie control station can be utiUzed efficiently. 



10 



IS 



0 



According to the invention, it is provided in a method of the type described in 
the above that at least one microprocessor unit with master capability is incoiporated in the 
communication between the control station and the control units and communicates with at 
least one of the control units for purposes of detecting status data and communicates with the 
control station for purposes of conveying the detected status data. 

In this way, it is achieved, for example, that the polling for detemiining the 
status of a control unit achieved in a particular instance during execution of a command is not 
the responsibility exclusively of the control station but can be taken over - at least 
periodicaUy or so as to be limited to certain processes - by the microprocessor unit with 
master capability. Thu:^, communication does not take place exclusively between the control 
station and control units; rather, polling is carried out by the microprocessor unit. It is only 
when an adjusting process is concluded and the microprocessor unit has recorded the end of 
the adjusting process that the latter automatically transmits a corresponding report to the 
control station. 

The control station is accordingly only informed of the results of the 
conclusion ofme adjusting process which are relevant for the control station. In other words, 

fixim the time that the command for the execution of a detemiined adjusting process is 
initiated to the time that it is reported to the control station that this command has been 
executed, it is no longer necessary for the control station to poll during this time; rather, its 
full capacity is avaUable for other jobs during this time. The capacity gained in this way in 
the control station can be utilized, for example, for process-related computing processes or for 
generating a visual display of the overall status achieved at ttiat moment in the control 
system. 

One of the substantial advantages of the invention consists in that control 
systems of older equipment already in use in which, for example, only one control station 
with master capabiUty is connected with a plurality of control units without master capability. 
i.e., slaves, can be upgraded by incorporating an additional microprocessor unit in the 
communications process in that the poUing function is transferred, according to the invention, 
to the microprocessor unit with master capabiUty. Thus, polUng by the control station can be 
dispensed with and the communications capacity can be structured more efficienUy. 
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Of course, in this regard it is also possible and also lies within the scope of the 
invention to incoiporate a microprocessor with master capability into the c ntrol system 
instead of a slave, as was previously the case, and to assign to this microprocessor some of 
the functions of the control station in the manner described above, namely, for example, 
5 polling. However, the recommended variant consists in leaving the existing control sysiems 
in their configuration with the existing slaves and adding one or more microprocessor units 
with master capabihty in order to achieve the advantages mentioned above. 

Further, in an advantageous construction of the invention it is possible that the 
transfer of fimctions of the control station to a miciuprocessor unit wito 
1 0 which already exists or is to be added later is carried out within a limited time period, wherein 
the function is transferred again to the control station or is automatically taken over by the 
latter after the expiration of a predeterajined time period. 

In control systems in which there are not only exclusively control units 
without master capabiUty, but also control units with master capability, fimcti^^ 
control station, e.g.. potting, are transferred according to the invention to one or more of these 

control units with master capabiUty either permanently or for a limited time. With this 
transfer of function, these control units are capable of communicating with at least one of the 

control units Avithout master capability for purposes of detecting the status data and 
communicating with the control station for purposes of conveying the status data detected in 
20 this way. 

In this case, the advantage consists in that no additional microprocessor units 
need to be added to an existing control system; rather, an improved utilization of functionaUty 
can be achieved simply by transferring fimctions. The transfer of capability of detecting 

status data fipm the control station to one or more control units with master capabiUty can be 
carried out, for example, by downloading correspontfng executable programs from the 
control station to the control unit provided for that purpose 

hi a constructional variant, it is possible that assigning and/or taking away the 
c^ability of detecting status data using existing communications paths ftom the control 
station to the respective control unit is carried out by activating or deactivating executable 
programs which are aheady stored in operative manner in the respective control unit. This 
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has the advantage that the control station transfers jobs such as polling to selected control 
units only when required, for example, when the capacity of the control station is 
overburdened. This operativeness of the respective control unit is deactivated again when the 
required situation no longer exists. 
5 Of course, it is also possible to transfer the functionality from the control 

station to selected control units not only depending on the burdening of the information paths, 
but also whenever special adjusting processes are to be initiated and monitored, especially, 
for example, stage adjustments in the X- and/or Y-direction, because these adjusting 
processes are relatively time^onsuming and the control station would be unnecessarily 
10 blocked byppUing for the duration of execution. 

In a particularly prefenred construction of the invention, the microprocessor 
unit With master capability is always only enabled to detect status data when changes in status 
occur in the associated control units. In this way, for one, polling between the enabled 
control unit and the associated control units without master capability is restricted to a 
minimum. For example, it is possible for an adjusting command to be directed from the 
control station to the executing control unit, but the message concerning the end of the 
adjusting process is conveyed to and recorded by the enabled control unit, for example, and 
not by the control station. The status data which is recorded and gathered in this case can be 
transmitted to the control station when called up or, in another preferred construction of the 
20 invention, at predeterroinod time intervals. 

In all of the variations of the invention mentioned above, the communication 
between the control station and the control units with and without master c^abiUty is 
restricted to a mtoum. The efficiency of the system in its enti^^ 
control station, is increased and real-time capabiUty is improved in that a two-point 
connection no longer determines the through-capacity for the information flow. By means of 
the bus, wMch is substantially more efficient, the information is initiaUy exchanged^ 
between the control units and only the information that is significant for the control station is 
conveyed to the control station, or vice versa, via the two^oint connection which connects 
the control station with one ofthe control units. In this way, the control station is always 
informed about the status of the entire system without haying to cany out the polling itself. 
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The invention is further directed to a control system which is provided for 
canying out the method steps mentioned above, preferably a control system for an optical 
measurement device or observation device comprising a plurality of control units and 
outfitted with a control station which, when requirod, generates a map of the overall status of 
5 the control system based on status data of the individual control units, wherein, according to 
the invention, at least one of the control units has the capability of detecting and/or 
automatically assessing status data of associated other control units and transmitting the 
detected status data aad determined assessment to the control station. 

The invention wiU be described more fully with reference to an embodiment 

10 example. 

BRIEF DESr;RTPTTn>j np ^hp. np a wnyrrT .S 
In the drawings: 

Fig. 1 shows a schematic view of a control system to which the invention is 

13 directed; 

Fig. 2 shows the information flow during polling between the control station 
and the control units; and 

Fig. 3 shows the flow of information that is substantiaUy more advantageous 
by means of transferring the status determination (polling) of a slave to a control unit with 
20 master capabiUty. 
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DESCRTPTTON OF THF, PRFFPRRKn BMPOT^yiyn^^jrc; 

Fig. 1 shows a control system in which a control station 1 with master 
c^abiUty is connected via a two-point connection 2 to a control unit 3 with master capability. 
The control system comprises additional control units 4. 5 and 6, including, for example, a 
second control unit 4 with master capabiUty and a control unit 5 and 6 without master 
capabiUty. The control units 3 to 6 and all other control units which may possibly be 
associated with the control system, but are not shown, are linked via a multimaster bus 7. 

The control units 5 and 6 without master capability are inteUigem 
communications control circuits in the form of slaves which only receive commands fiom the 
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control station 1, convey these conunands as control commands to associated adjusting 
devices and inform the control station 1 of the execution, completion or progress of the 
adjusting command via the reverse information path* 

It is also possible for the control units 3 and 4 with master c^ability to receive 
5 conunands from the control station 1 and convey the commands to adjusting units. In this 
case, the completion message relating to the executed adjusting command is likewise 
conveyed to the control station via the reverse infonnation flow. 

When the control station 1 communicates in this manner with the control units 
3 to 6, this results in an inforaiation flow such as is shown, for example, in Fig. 2 . In 
10 principle, the infonnation transfer between the control station 1 and control units 3 to 6 takes 
) place by means of the transfer of address-oriented message packets, wherein the target 
address and source address are transmitted. A message sent by the control station 1 is 
conveyed via the two-point connection 2 and control unit 3 to the destination defined by the 
address. The control unit 3 functions as a gateway and stores the source address of the 
15 message. If the message is directed, for example, to control unit 6. the latter answers the 

message with updated target and source addresses, control unit 3 detects the previously stored 
address and conveys the response of control unit 6, which reaches control unit 3 via the bus 7, 
to the control station 1 via the two-point connection 2. 

The control station 1 has the special feature that the relevant states of the total 
20 system converge therein and are made visible by it, so that it is possible to control and 
monitor the total process from the control station 1. 

Control systems of this kind are used, for example, in microscope systems, 
wherein, for example, control unit 3 is connected with an adjusting device for an objective 
turret, control unit 4 is connected with an adjusting device for the microscope stage in the 2- 
25 direction, control unit 5 is connected with an adjusting device for ^^^^ 

direction of coordinate X. and control unit 6 is connected with an adjustmg device for stage 
movements in the direction of the Y-coordinate. This Ust, which is given by way of example, 
does not include the entire control system of a complex modem microscope system. The 

selection made here is used only forpmposes of illustrating the method according to the 
30 invention. 
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For example, the following sequence of movements is possible; When the 
user of the microscope actuates a "rotate objective tuiret" key, a message is first sent to the 
control unit 4 from the control station 1 and an actuating command for the stage control is 
accordingly triggered, resulting in a lowering of the stage in the Zniirection. When the 
desired stage position is reached, the rotation of the objective turret to the next position is 
caused by a message which is sent by the control station 1 and, in this case, is directed to 
control unit 3. After this actuating movement has been completed, the control station 1 again 
sends a command to control unit 4 and the Z-adjustment is accordingly initiated depending on 
the selected magnification. Stage movements in the X-direction or Y-direction are then 
10 initiated by control commands to ctmtrol units 5 and 6 and the position of the measured 
objectis accordingly corrected. 

After one of these adjusting commands is executed, the control station 1 
receives the information from the corresponding control unit 3, 4, S or 6 that the actuating 
command has been carried out Based on this information, die control station lis at the same 
1 5 time able to creating a total picture of the status in the control system and to visually display 
this status, for example, in that the achieved magnification, the adjusted objective, the 
adjusted stage position, etc, are displayed on a monitor. 

In conventional control systems, polling between the control station 1 and the 
respective control unit 3, 4, 5 or 6 being addressed is required in order for the control station 
20 1 to detect Ais total picture. For exariiple, whai command a, "lower stage in Z-direction", is 
) sent to control unit 4 (see Fig. 2), the control station 1 repeatedly asks at predetermined time 
intervals during polling whether the actuating command has been executed and whether the 
stage has reached the given Z-position. The message transmission is indicated symbolically 
in Fig. 2 by arrows which aliso indicate the directibn of the transmitted message. 
2^ The resulting information flow fiuther showffthat after the transmission of 

command a from the control station 1 to the gateway (namely, control unit 3) via the bus 7, a 
command b is sent to control unit 4 which generates the adjusting command to the stage 
control after receipt of command b. The control station 1 carries out its monitoring function 
by calling up the oppositely directed information c which contains the current Z-position of 
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the stage. Information c is first received by control unit 3 and is conveyed from the latter, 

without valuation, as irrfonnation d to the control station 

The control station 1 now sends an inquiry e which likewise first reaches 
control unit 3 via the two-point connection and is transmitted by the latter, without valuation, 
as inquiry f to control unit 4. In the latter, a response g is triggered which is directed in turn 
by control unit 4 via the bus 7 first to control unit 3 and then via the two-path connection 2 to 
the control station 1 as information h. 

If information h contains the message that the intended stage position in the Z- 
direction has been reached, no further inquiiy is sent to control unit 4; rather, the command 
for further rotation of the objectiye turret to the new position is sent to control unit 3. In this 
case, polling is carried out in an analogous manner via a plurality of inquiries until the 
completion report has also arrived at the control station 1. The command is then sent to 
control unit 5 for purposes of stage adjustment in coordinate X with subsequent poUing, and 
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It can easily be seen that the two-point connection 2 between the control 
station 1 and control unit 3 is very highly loaded in this procedure and, because of this, every 
information flow is time-dependent and the communications speed in the entire system is 
kept within limits. Further, the control station 1 is not available for other purposes during this 
polling. 

In order to change this and for a more efScient structuring of the process for 
monitoring this control system comprising a plurality of control units, it is provided 
according to the invention to enable. e,g., control unit 3 to cany out poIUng and request the 
current status information from control units 4, 5 and 6. 

This results in an information flow such as that shown, for example, in Fig. 3 . 
25 When the control station 1 sends command a', "lower stage in Z-direction". to control unit 4. 
the control unit 3, still serving as gateway, registers the target address and source address and 
saids command b' to control unit 4. Since the control unit 3 is now made capable of polling, 
it receives information c' from the control unit 4 which contains a status report for the stage 
position that has been reached in the Z-direction. After a predetermined timing signal, 
control unit 3 directs a response to control unit 4 and, with response e', again obtains status 
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infoimation on the stage position reached in the Z-direction. This is continued until 
in&nnation containing the status report "predetennined stage position in Z-direction has been 
reached" reaches the control unit 3. This is recorded by control unit 3 and a corresponding 
message f is then conveyed to the control station I. 

Therefore, as in the first example above which shows the prior art. control 
station 1 has the status iofonnation "predetennined stage position in Z-direction has been 
reached", and the two-point connection 2 was burdened to a substantially smaller degree 
during polling, 

PoHing takes place between the enabled control unit 3 and control units 5 and 
6 in an analogous manner during the stage adjustment in the X- and Y-direction. 

The control station 1 and two-pomt connection 2 are acconlingly available for 
other jobs during thepoUing between control unit 3 and the rest of the control units 4. 5 and 
6. Further, the information flow within the entire control system requires significantly less 
time, 

While the foregoing description and drawings represent the present invention, 
it will be obvious to those skiUed in the art that various changes may be made therein without 
departing &om the true spirit of the present invention. 



Reference Numbers 

^ control station' with master capability 

2 two-point connection 

3, 4, 5, $ control unit . 
7 multimaster bus 

a, a', b, b' conunand 
c, c^ d information 

d', e inquiry 

C response 

f inquiry 

f message 

g response 

h information 



